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Abstract 
This study aims to analyze trends of aerosol optical thickness (AOT) generated from MODIS data which acquire 
from Terra / Aqua MODIS and PM10 concentration distribution from 12 Pollution Control Department (PCD) air 
quality ground measurement stations in the period 2007 – 2010, and find their relationship to generate estimated 
PM10 concentration maps for Upper Northern Thailand during the period 2007-2010 based on obtained relationships, 
as well as to study the situation of active fires in March from the years 2007-2010 in Chiang Rai province, where it 
was found most patients were affected by the haze in the year 2007. The results in this study showed that the trends of 
AOT and PM10 go together in similar direction in the same trend, even though the  equation for the relationship 
between AOT and PM10 between year 2007-2011, from February to March, is Y = 57.09 +70.93 which give the 
correlation R = 0.32 is not very high. In the study, it also found the rate of active fire occurrence of Chiang Rai occurs 
55% in forested areas, 40% in agricultural areas, 2% in community area and 3% in other areas. After checking on the 
fire occurrences on land cover, it was found also that burning areas were mostly found in forest areas and caused 
from the invasion of agriculture, such as rice and corn fields. Farmers tend to clear areas and eliminate weeds to 
prepare for planting the next season by burning. During burning period, in most cases, it lacks of brake fire in these 
areas, resulting in the spreading of fire. For agricultural land, farmers continue straw burning after harvesting, 
because it is easy and can save time. Therefore, to solve the pollution problem as a result of burning, stakeholders in 
all sectors should seriously work together, offer an alternative and transfer knowledge to farmers to reduce burning, 
using the results obtaining from this study, which remote sensing and GIS technology is applied. 
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1. Introduction 
Due to the smoke and haze condition covering the upper northern areas of Thailand, it has had a direct 
impact on air-quality in many areas, including: Chiang-Mai, Chiang-Rai, Mae Hong Son, Lampang, 
Lumpoon, Prae and Phayao. This impact affects people’s health. The major reasons are from forest fires, 
open burning and pollution from vehicles. According to research by Thai scientists, it was found that 50-
70% of dust originates from forest fires, the burning of agricultural lands, diesel fumes, and the rest at 
10%, originate from other sources [4]. Moreover, it was found that some of the areas affected by air-
pollution were caused by forest fires from neighboring countries [2,3] . Forest fire and open burning make 
an impact on air pollution which causes smoke, hazy conditions and dust - Particularly in the 
atmosphere[1]. The amount of dust with diameter less than 10 microns in diameter, or PM 10, and this 
amount of dusting condition, causes discomfort, allergies, or respiratory ailments [5]. In addition, it also 
affects the business sector as well. The amounts of tourists have decreased during pollution and smog 
crisis in Chiang Mai, which leads to economic damage in that area and all over the country. Pollution 
Control Department of Thailand (PCD) is monitoring the air quality in the region continuously using 12 
ground measurement stations. However, these stations can provide the data only in very limited area and 
it is not possible to cover the large area. Therefore, it is necessary to have better understanding the air 
quality scenario in the whole region, and based on this reason, the authors have conducted air quality 
monitoring using spatial technology which includes remote sensing and GIS. In this paper, the authors 
used the MODIS aerosol optical thickness (AOT) product from NASA and PM10 concentration hourly 
data from PCD measurement stations during 2007 to 2010 for data analysis of the trend for the two 
parameters and to generate PM10 concentration distribution maps in the study area. 
2. Data and methods 
2.1 Trends and relationship of MODIS AOT and PCD PM10 Concentration Distribution 
MODIS AOT product for the duration of 2007 – 2011 was downloaded from NASA website, from 
which the AOT physical value was extracted at the selected pixels where the 12 PCD stations are located. 
The hourly PCD PM10 data also collected from 12 PCD stations for the same duration. AOT MODIS data 
which has the same acquiring date and time with the measurement date and time of PM10 stations were 
selected to make yearly and monthly groups of matching pairs. Using these matching pairs, we can 
generate graphs to observe the trend of the AOT and PM10 distribution available within the interested year 
and month. The relationship of these two datasets can be found by calculating the correlation coefficient 
and the linear regression equations. Here the correlation is 0.79. Figure 1(a) shows an example of the 
matching pairs of AOT and PM10 data for the year 2007 which has in total of 22 pairs in which 5 pairs are 
invalid data due to missing PM10 data. The graph on the left in red shows the trend of AOT data and the 
graph on the right in blue shows the trend of PM10 data selected for the same date and time of acquiring 
by the satellite and the measurement ground station. It is observed that, the trend of the two parameters, in 
this case, go together in similar direction, therefore we can have good correlation coefficient and linear 
regression for this year. Similar way was applied to the dataset of matching pairs for year 2009 and 2010 
and for the months of February, March and April of each year, and only February for 2011. The total 
matching pairs used in this step are 140 pairs as shown in Figure 1(b). In this Figure, the total number of 
matching pairs available within year 2007-2011were used to calculate the correlation coefficient and 
generated linear regression equation. Here the correlation is 0.32 which is not high, due to scattered points 
that are unusual observations, according to the statistical analysis which need to be investigated. Other 
possible reasons related to meteorological and environmental conditions could be also the factors that 
cause unusual observations. 


























Fig. 1. (a): Distribution of MODIS AOT and PM10 concentration within the period years 2007 
(b): Temporal distribution of MODIS AOT and PM10 concentration within the period years 2007-2011 
An additional study the trend of the two parameters is to use the AOT value extracted from the AOT 
product available within one month at the pixel where a interested measurement station is located to plot a 
graph to see the its monthly temporal distribution. Similarly, hourly PM10 concentration value recorded 
within a period of the same month at the same measurement station can be used to plot a graph to see 
observe the trend of its temporal distribution.  
2.2 Generation of Estimated PM10 Concentration Maps for Upper Northern of Thailand 
In previous section, we have analyzed the trend of yearly and monthly distribution of MODIS AOT 
and PM10 concentration obtained for the location of 12 measurement stations in the study area in the 
period of 2007 to 2011, and obtained fairly relationship, as the correlation coefficient is 0.32, with the 
linear regression equation of y = 57.09 x + 70.93, where, x is AOT value in digital number (DN), it 
should be multiplied by a scale factor of 0.001 to be AOT physical parameter, and then can be converted 
to PM10 value. We apply this equation to convert AOT to PM10, even though the correlation is fairly small 
(correlation = 0.32), but since it was generated from the data collected from 12 stations located in the 
study area within the period of 4 years from 2007 to 2010. Figure 2 shows the quick look image of the 
MODIS AOT map (a) and the estimated PM10 concentration (b) generated from the MODIS AOT map 
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Fig. 2. MODIS AOT map of February 19, 2009 04:00 GMT (a) and estimated PM10 concentration (b) for Southeast Asia  
2.3 Analysis the active fire occurrence in Chiang Rai Province 
It will be useful if we can include another observation and analysis for studying the smoke and haze 
phenomenon using the distribution of active fire occurrence which can be obtained also from MODIS fire 
product or MOD14.The data used in this analysis was collected from different sources as follow, 
• Active fires or active fire information, detected by MODIS were obtained from MODIS Fire 
Information Online systems of Geoinformatics Center (GIC) of the Asian Institute of technology, 
for the   period of 2007-2011. 
• Reports on forest fires in Chiang-Rai province, since year 2007-2011 from Protection Area office 
No. 15. 
• Land use data from Chiang-Rai Provincial Office.  
• Other related data such as elevation data, roads and main roads in Chiang-Rai province, protection 
Areas,  forest cover types, administrative boundaries and harvest calendar also were collected 
At this step, spatial data analysis is applied to understand the distribution of active fire occurrence in 
different land use types in Chiang Rai Province. The result of the spatial analysis with active fire 
distribution in the study area shows that the rate of fire (Active fires) of Chiang Rai occurs 55% in 
forested areas, 40% in agricultural areas, 2% in community area and 3% in other areas. After checking 
with ground truth data, it was found that burning areas were mostly found in forest areas which match 
with the information from MODIS and the reason is due to the expansion of agriculture area, such as rice 
and corn fields. Farmers tend to clear areas and eliminate weeds to prepare for planting in the next season 
by burning. During burning period, mostly brake fire are not enough to block the fire expansion in these 
areas, resulting in the spreading of fire. For agricultural land, farmers continue straw burning after 
harvesting, because it is easy and saves time. 
3. Result and discussion 
     In this study, we have analyzed the spatial distribution of active fire occurrence, AOT concentration 
and estimated PM10 in the study area, The distribution of the active fire was found mostly in forest area 
which caused by agricultural activities of the local people. The distribution of the AOT and its estimated 
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PM10 was studied, including their relationship. Trend of MODIS AOT and PM10 concentration from 12 
PCD ground measurement station in the period of 2007 – 2010 were studied and their statistical 
relationship is obtained. Estimated PM10 concentration maps for Upper Northern of Thailand during the 
period of 2007-2010 were generated based on the obtained relationship. 
4. Further study 
In order to complete the study in provincial level of Chiang Rai province, the authors are focusing 
more on the study of active fire distribution of active fire, AOT and estimated PM10 concentration in the 
province, in which the final results will be the distribution maps of the three parameters in the province to 
support the local administrative officers in decision making and develop the appropriate policy for 
smoke-and-haze and open space burning in the province. 
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